This paper presents a Genetic Algorithms (GAs) for integration of various types of Distributed Generations (DGs), Static Synchronous Compensator (STATCOM) and Plug-in-Hybrid Electric Vehicle (PHEVs) with different static load models (DSLMs) such as LM-1, LM-2, LM-3, LM-4 and LM-5, respectively in distribution systems from minimization of total real power loss of the system viewpoint. In this analysis, the system power factor taken as power system performances in various cases such as without DGs, with various types of DGs, integration of DGs and STATCOM, integration of DGs, STATCOM and PHEVs in distribution system with DSLMs. The proposed methodology has been tested for IEEE-37 bus distribution test system. This research work is very much useful for researchers, scientific, industrial, academicians and practitioners for whose are working in the fields of integration of renewable energy sources, FACTS controllers and PHEVs in distribution systems with DSLMs from minimization of total real power loss of the system viewpoint. This research work also is useful for practical implementations of integration of renewable energy sources, FACTS controllers and PHEVs in distribution systems with DSLMs for enhancement of different power system performances from minimization of total real power loss of the system viewpoint.
Introduction
The open literature review is, strongly, focused on the need for the integration of DGs with the power system highlighting both technical as well as economical benefits arisen out of such venture. The impacts of DGs on power system are, mainly, oriented towards the enhancement of various power system operational indices. As the concept of DGs involves many technologies and their proper applications, different countries use different terms for the same like ''embedded generation'' or ''dispersed generation'' or ''decentralized generation'' or ''distributed energy resources (DERs)''. According to Keane and O'malley (2005) , Darabian and Jalilvand (2018) , Keane et al. (2009) , Zhang et al. (2008) and Senjyu et al. (2008) , the definition of DGs goes like DGs is an electric power source connected directly to the distribution network or on the customer site. In Senjyu et al. (2008) , DGs is defined as a generator with small capacity close to its load that is not part of a centralized generation system.
Literature review
GA and an improved Hereford ranch algorithm (variant of GA) are proposed by Kim et al. (1998) for optimal sizing and placement of DGs in distribution systems from different objective function viewpoints. GA is applied in Borges and Falcao (2006) to solve an optimal DG planning (ODGP) problem with reliability constraints in Ref. Borges and Falcao (2006) . GA is used to solve an ODGP (Singh and Goswami, 2009; Shukla et al., 2010) that considers variable power concentrated load models, distributed loads and constant power concentrated loads. GA is employed to solve ODGP that maximizes the profit of the distribution network operator (DNO) by the way of optimal placement of DG (Singh and Goswami, 2010b) . A GA methodology is implemented to optimally allocate renewable DG units in distribution network to maximize the worth of the connection to the local distribution company as well as the customers connected to the system (Shaaban et al., 2014) . A valuebased approach, taking into account the benefits and costs of DGs, is developed and solved by GA that computes the optimal number, type, location and size of DGs (Teng et al., 2007) . GA based method allocates, simultaneously, DGs and remote controllable switches Total MVA intake of main substation with various types of DGs (DG1, DG2, DG3 and DG4) and STATCOM, respectively S SYS_WDG1+STAT +PHEVs (p.u.), S SYS_WDG2+STAT +PHEVs (p.u.), S SYS_WDG3+STAT +PHEVs (p.u.) and S SYS_WDG4+STAT +PHEVs (p.u.)
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Real and reactive power exponent values, respectively f Supply frequency (50 Hz) in the distribution networks (Raoofat, 2011) . The Chu-Beasley GA solves a nonlinear bi-level ODGP problem that maximizes the profits of DGs owner subject to the minimization of payments procured by the DNO (López et al., 2012) . Goal programming transforms a multi-objective ODGP into a single objective one which is solved by GA in Ref. Vinothkumar and Selvan (2012) . GA and decision theory are applied to solve an ODGP problem under uncertainty including power quality issues (Caprinelli et al., 2003) . GA and optimal power flow are combined to solve the ODGP in Ref. Harrison et al. (2008) . A fuzzy based GA is used in an ODGP model (Kim et al., 2002) that minimizes the real power loss cost taken as objective function. A fuzzy embedded GA is employed to solve weighted multi-objective ODGP model (Akorede et al., 2011; Vinothkumar and Selvan, 2011) . A hybrid GA and fuzzy logic based goal programming ODGP is proposed by Kim et al. (2008) . A combined GA and Tabu Search were suggested by Gandomkar et al. (2005) . A hybrid immune GA algorithm is used in Ref. Soroudi and Ehsan (2011) to solve an ODGP that maximizes the profit of the DNO. GA is used by Ela et al. (2010) to solve a weighted multiobjective ODGP model. Multi-objective ODGP is formulated and solved by employing GA in Refs. Singh et al. (2016b) , Singh et al. (2007) and Singh et al. (2016a) . The four broad categories of DGs on the basis of real and reactive delivered/absorbed to the systems are as explained in Refs. Singh et al. (2016b) , Singh et al. (2007) , Singh et al. (2016a) , , Bansal (2017) , , Morteza and Shakarami (2018) , Ibrahim et al. (2018) and Xinkai et al. (2018) . Morteza and Shakarami (2018) , presented an analytical and probabilistic method to determine wind DGs penetration for distribution networks based on time-dependent loads. Ibrahim et al. (2018) , suggested a comprehensive battery energy storage optimal sizing model for micro-grid applications. Xinkai et al. (2018) , discussed the coordinated control of DC grid and offshore wind farms to improve rotor-angle stability.
The custom power devices such as Static Var Compensator (SVC), STATCOM, distributed-STATCOM, dynamic voltage restorer (DVR), unified power quality conditioner (UPQC), unified dynamic quality conditioner (UDQC), hybrid power flow controller (HPFC), generalized unified power flow controller (GUPFC) etc. are useful for enhancement of power quality parameters point of view (Singh et al., 2015) .
STATCOM is based on a power electronics voltage-source converter and can act as either a source or sink of reactive alternating current power to an electricity network. If connected to a source of power it can also provide active alternating currentpower. Usually a STATCOM is installed to support electricity networks that have a poor power factor and often poor voltage regulation. The most common use is for voltage stability (Singh et al., 2015) .
PHEVs are a hybrid electric vehicle whose battery can be recharged by plugging it in to an external source of electric power as well by its on-board engine and generator. PHEVs have the potential to reduce fossil fuel use, decrease pollution, and allow renewable energy sources for transportation, but their lithium ion battery subsystems are presently too expensive (Luo et al., 2013) . PHEVs configurations are classified in two basic categories such as series and parallel or blended PHEVs (Luo et al., 2013; ElNozahy and Salama, 2015; Roy et al., 2014; Amjadi and Williamson, 2014; Shojaabadi et al., 2016; Mohsen et al., 2018; Kang et al., 2017; Han et al., 2008; Hossain et al., 2012; Li et al., 2017; Tahboub et al., 2018; Darabian and Jalilv, 2018; Liu et al., 2018) . The series PHEVs (Luo et al., 2013; ElNozahy and Salama, 2015) also called Extended Range Electric Vehicles (EREVs). Only the electric motor turns the wheels; the gasoline engine only generates electricity. The series PHEVs can run solely on electricity until the battery needs recharging. The gasoline engine will then generate the electricity needed to power the electric motor. For shorter trips, these vehicles might use no gasoline at all. The parallel or blended PHEVs (Roy et al., 2014) both the engine and electric motor are mechanically connected to the wheels and both propel the vehicle under most driving conditions. Electric-only operation usually occurs only at low speeds. The benefits and challenges of PHEVs are as follows: minimum petroleum required for operations of PHEVs (Amjadi and Williamson, 2014) , minimum greenhouse gas (GHG) emissions by PHEVs Kang et al., 2017; Han et al., 2008; Hossain et al., 2012) , higher PHEVs costs but lower fuel costs for PHEVs operations (Li et al., 2017; Tahboub et al., 2018) , PHEVs charging take time (Darabian and Jalilv, 2018) and PHEVs measuring fuel economy (Liu et al., 2018) . Daud et al. (2016) , presented a comparison of heuristic optimization techniques for optimal placement and sizing of photovoltaic based distributed generation in a distribution system. Chaurasia et al. (2017) , suggested a meta-heuristic firefly algorithm based smart control strategy and analysis of a grid connected hybrid photovoltaic/winddistributed generation system. Babacan et al. (2017) , presented a novel techniques for siting and sizing of distributed energy storage to mitigate voltage impact by solar PV in distribution systems. Parvez et al. (2016) , suggested a current control techniques for three-phase grid interconnection of renewable powergenerationsystems: A review. Mohammadi et al. (2012) , addressed an optimization of hybrid solar energy sources/wind turbine systems integrated to utility grids as micro-grid (MG) under pool/bilateral/hybrid electricity market using PSO]. Wafa et al. (2018) , presented the modeling and optimization of a solar system based on concentrating photovoltaic/thermal collector. Ali et al. (2016) , presented ant lion optimization algorithm for renewable distributed generations. Abd-Elazim and , suggested the imperialist competitive algorithm for optimal STAT-COM design in a multi-machine power system. Shahrzad et al. (2017) , suggested a grasshopper optimization algorithm: Theory and application. Seyedali and Andrew (2016) , addressed the whale optimization algorithm for different engineering problems. Seyedali and Andrew (2014) , suggested a novel approach such as grey wolf optimizer for different engineering problems. Seyedali et al. (2017) , suggested the salp swarm algorithm: A bio-inspired optimizer for engineering design problems. Maziar and Fariborz (2016) addressed the lion optimization algorithm (LOA): A natureinspired meta-heuristic algorithm for engineering applications.
Contribution of paper
Literature review reveals that the investigation of the power system performances of distribution power systems having integration of different types of DGs (such as DG1, DG2, DG3 and DG4), STATCOM and PHEVs in distribution system with DLMs has not been used in the open literatures (Keane and O'malley, 2005; Darabian and Jalilvand, 2018; Keane et al., 2009; Zhang et al., 2008; Senjyu et al., 2008; Kim et al., 1998; Borges and Falcao, 2006; Singh and Goswami, 2009; Shukla et al., 2010; Singh and Goswami, 2010b; Shaaban et al., 2014; Teng et al., 2007; Raoofat, 2011; López et al., 2012; Vinothkumar and Selvan, 2012; Caprinelli et al., 2003; Harrison et al., 2008; Kim et al., 2002; Akorede et al., 2011; Vinothkumar and Selvan, 2011; Kim et al., 2008; Gandomkar et al., 2005; Soroudi and Ehsan, 2011; Ela et al., 2010; Celli et al., 2005b; Caprinelli et al., 2005; Singh and Goswami, 2011; Gallego et al., 2001; Lee and Park, 2009; Carvalho et al., 2008; Singh and Sharma, 2017; Singh et al., 2016b Singh et al., , 2007 Singh et al., , 2016a Akorede et al., 2011a; Singh et al., 2015; Chiradeja and Ramakumar, 2004; IEEE, 2010; Al Abri et al., 2013; Varma et al., 2009; Bahram et al., 2016; Arash and Moradi, 2015; Othman et al., 2015; Gregorio et al., 2015; Celli et al., 2005a; Singh and Goswami, 2010a; Ackermann et al., 2001; Hegazy et al., 2003; Injeti and Kumar, 2013; Sheng et al., 2015; Singh et al., 2010; Ochoa et al., 2006; Hong and Ho, 2005; Luo et al., 2013; ElNozahy and Salama, 2015; Roy et al., 2014; Amjadi and Williamson, 2014; Shojaabadi et al., 2016; Mohsen et al., 2018; Kang et al., 2017; Han et al., 2008; Hossain et al., 2012; Li et al., 2017; Tahboub et al., 2018; Darabian and Jalilv, 2018; Liu et al., 2018; Bansal, 2017; Morteza and Shakarami, 2018; Ibrahim et al., 2018; Xinkai et al., 2018; Daud et al., 2016; Chaurasia et al., 2017; Babacan et al., 2017; Parvez et al., 2016; Mohammadi et al., 2012; Wafa et al., 2018; Ali et al., 2016; Abd-Elazim and Ali, 2016; Shahrzad et al., 2017; Andrew, 2016, 2014; Seyedali et al., 2017; Maziar and Fariborz, 2016) . To the best knowledge of the authors of the present work, this type of work is yet to be published. This paper considers integration of all possible types of DGs (such as DG1, DG2, DG3 and DG4), STATCOM and PHEVs in distribution system with DSLMs for impact assessment of distribution systems performances from minimum real power loss of the system viewpoint by using GA.
Organization of paper
The organization of the rest of the paper is as follows: The next Section discusses about the mathematical problem formulations of the present work. Section 3 discusses about the proposed algorithms. In Section 4, simulation results and discussions are focused. Finally, the conclusions of the paper and future research scopes are presented in Section 5.
Mathematical problem formulations
The different types of DGs and mathematical problem formulations are presented in Sections 2.1 and 2.2, subsequently.
Different types of DGs

(i) DG-1 (termed as T 1 ): This type of DGs is capable of delivering
only the real power to the system such as photovoltaic, micro turbines, fuel cells, bio-gas, which are integrated to the main grid with the help of converters/inverters. However, according to current situation and grid codes, the photovoltaic can be (and in sometimes is) require to provide the reactive power as well so that only the real power is supplied at unity operating power factor (Singh et al., 2016b (Singh et al., , 2007 (Singh et al., , 2016a Bansal, 2017; Morteza and Shakarami, 2018; Ibrahim et al., 2018; Xinkai et al., 2018) .
(ii) DG-2 (termed as T 2 ): This type of DGs is capable of delivering both the real and reactive power to the system. DG units based on diesel engines as diesel generators and synchronous machines (cogeneration and gas turbine etc.) come under this type of DGs. For it, both the real and reactive power are supplied at various operating power factors (e.g. 0.80-0.99 leading) (Singh et al., 2016b (Singh et al., , 2007 (Singh et al., , 2016a Bansal, 2017; Morteza and Shakarami, 2018; Ibrahim et al., 2018; Xinkai et al., 2018) .
(iii) DG-3 (termed as T 3 ):
This type of DGs is capable of delivering only the reactive power to the system. Synchronous compensators, capacitor bank, inductor bank, on-line tap changing transformers, FACTS controllers and gas turbines are examples of this type of DGs and operate at zero power factor. So, only the reactive power is supplied at zero operating power factors for this type of DGs (Singh et al., 2016b (Singh et al., , 2007 (Singh et al., , 2016a Bansal, 2017; Morteza and Shakarami, 2018; Ibrahim et al., 2018; Xinkai et al., 2018) .
(iv) DG-4 (termed as T 4 ):
This type of DGs is capable of delivering the real power to the systems but consumes the reactive power from the system. Mainly, induction generators which are used in wind farms come under this category. However, doubly fed induction generators (DFIG) may consume or produce reactive power i.e. operates similar to synchronous generators. Here, only the real power is supplied and the reactive power is drawn from the system at different operating power factors (e.g. 0.80-0.99 lagging) (Singh et al., 2016b (Singh et al., , 2007 (Singh et al., , 2016a Bansal, 2017; Morteza and Shakarami, 2018; Ibrahim et al., 2018; Xinkai et al., 2018) .
Mathematical problem formulation
Total MVA intake of main substation without DGs, STATCOM and PHEVs can be expressed as Eq. (1):
Total MVA intake of main substation with various types of DGs (i.e. DG1, DG2, DG3 and DG4, respectively) are expressed as Eqs.
(2)-(5):
Total system MVA intake of main substation with integration of various types of DGs (DG1, DG2, DG3 and DG4, respectively) and STATCOM in distribution systems are expressed as Eqs. (6)-(9):
The system MVA intake powers of main substation with integration of various types of DGs (DG1, DG2, DG3 and DG4, respectively), STATCOM and PHEVs in distribution systems are expressed as Eqs.
(10)-(13):
The SPF without various types of DGs (i.e. DG1, DG2, DG3 and DG4, respectively) can be expressed as Eq. (14):
The SPFs with various types of DGs (i.e. DG1, DG2, DG3 and DG4, respectively) are expressed as Eqs. (15)- (18):
The SPFs with integration of various types of DGs (DG1, DG2, DG3 and DG4, respectively) and STATCOM in distribution systems are expressed as Eqs. (19)- (22):
The SPFs with integration of various types of DGs (DG1, DG2, DG3 and DG4, respectively), STATCOM and PHEVs in distribution systems are expressed as Eqs. (23)- (26):
The real and reactive power exponential values for DSLMs (Singh and Goswami, 2011; Singh et al., 2007) such as LM-1, LM-2, LM-3, LM-4 and LM-5, respectively are given in Table 1 . 
Proposed algorithm
GA is one of the most popular types of evolutionary algorithms for engineering optimization problems. To be more precise, it constitutes a computing model for simulating natural and genetic selection that is related to the biological evolution described in Darwin's theory (Singh et al., 2015; Chiradeja and Ramakumar, 2004) . In this computing model, a population of abstract representations (called as chromosomes) or the genome of candidate solutions (called as individuals to an optimization problem) could result in better solutions which are, traditionally, represented in binary form as strings comprises of 0s and 1s with fixed length. But other kinds of encoding are also possible which include real values and order chromosomes. The program then assigns proper number of bits and coding . Being a member of the evolutionary computation family, the first step in GA is population initialization which is, usually, done stochastically. Generally, GA uses three basic operators called as selection, recombination or crossover and mutation for engineering optimization problems ). The GA flowchart for impact assessment of integration of DGs, STATCOM and PHEVs in distribution system with DSLMs (such as LM-1, LM-2, LM-3, LM-4 and LM-5 respectively) from minimization of total real power loss of the system viewpoint is shown in Fig. 1 .
The various steps for GA based optimization for integration of DGs, STATCOM and PHEVs in distribution system with DSLMs from minimization of total real power loss of the system viewpoint 1. [Read the data]: Read the IEEE 37-bus distribution system data, different static load models data (i.e. LM-1, LM-2, LM-3, LM-4 and LM-5), and different types of DGs data (i.e. DG-1, DG-2, DG-3 and DG-4, respectively), STATCOM and PHEVs data. The flowchart for proposed methodology for GA based optimization for integration of DGs, STATCOM and PHEVs in distribution system with DSLMs from minimization of total real power loss of the system viewpoint is shown in Fig. 1 .
[Run load flow for base case (initial fitness solution)]:
Simulation results and discussions
The IEEE-37 bus distribution test system and data are given in Fig. 2 and Table 2 .
Analysis of SPFs with various types of DGs with DSLMs
The analyses of SPFs with various types of DGs results are presented in this sub-section are as follows: Table 3 , shows that the SPFs profile with various types of DGs (i.e. DG1, DG2, DG3 and DG4, respectively) with DSLMs in distribution systems. Fig. 3 , shows that the SPFs having different values with integration of various types DGs (i.e. DG1, DG2, DG3 and DG4, respectively) with DSLMs (i.e. LM-1, LM-2, LM-3, LM-4 and LM-5, respectively) in distribution systems from minimization of total real power loss of the system point of view. The best SPFs with DSLMs are achieved in case of DG2 whereas the poorest SPFs with DSLMs are achieved in case DG3. The descending order of SPFs with DSLMs are as follows:
Analysis of SPFs with integration of various types of DGs and STATCOM (as generating mode operation)
The analyses of SPFs with integration of various types of DGs and STATCOM (as generating mode operation) results are presented in this sub-section are as follows: L=Line number, S L =Line MVA limit in p. u., P L =Real MW load in p. u., Q L =Reactive MVAr load in p. u., L T =Load type, R=Residential, I=Industrial, C=Commercial. (Singh and Goswami, 2011; Singh et al., 2007; Singh and Goswami, 2010a ). 
Analysis of SPF with integration of various types of DGs and STATCOM (as load mode operation)
The analyses of SPF with integration of various types of DGs and STATCOM (as load mode operation) results are presented in this sub-section are as follows: Table 7 , shows that the SPF profiles with integration of various types of DGs (i.e. DG1, DG2, DG3 and DG4, respectively) and STAT-COM (+0.30 p. u.) with DSLMs in distribution systems. Table 9 , shows that the SPF profile with integration of various types of DGs (i.e. DG1, DG2, DG3 and DG4, respectively) and STAT-COM (+0.50 p. u.) with DSLMs in distribution systems. Fig. 9 , shows that the SPFs having different values with integration of various types DGs (i.e. DG1, DG2, DG3 and DG4, respectively) and STATCOM (+0.50 p. u.) with DSLMs (i.e. LM-1, LM-2, LM-3, LM-4 and LM-5 respectively) in distribution systems from minimization of total real power loss of the system point of view. The best SPFs with DSLMs are achieved in case of integration of DG2 and STATCOM (+0.50 p. u.) whereas the poorest SPFs with DSLMs are achieved in case DG3 and STATCOM (+0.50 p. u.). The descending orders of SPFs with DSLMs are as follows: +0.50 p.u.) > DG1 + STATCOM(+0.50 p.u.) > DG4 + STATCOM (+0.50 p.u.) > DG3 + STATCOM(+0.50 p.u.) 
Analysis of SPF with integration of various types of DGs, STATCOM (as generating mode operation) and PHEVs
The analysis of SPFs with integration of various types of DGs, STATCOM (as generating mode operation) and PHEVs results are presented in this sub-section are as follows: Table 10 , shows that the SPF profile with integration of various types of DGs (i.e. DG1, DG2, DG3 and DG4, respectively), STATCOM (−0.30 p. u.) and PHEVs (−0.10 p. u.) with DSLMs in distribution systems. Fig. 10 , shows that SPFs having different values with integration of various types DGs (i.e. DG1, DG2, DG3 and DG4, respectively), STATCOM (−0.30 p. u.) and PHEVs (−0.10 p. u.) with DSLMs (i.e. DG2 + STATCOM (−0.40 p.u.) + PHEVs (−0.20 p.u.) > DG1 + STATCOM (−0.40 p.u.) + PHEVs (−0.20 p.u.) > DG4 + STATCOM (−0.40 p.u.) + PHEVs (−0.20 p.u.) > DG3 + STATCOM (−0.40 p.u.) + PHEVs (−0.20 p.u.) Table 15, shows that the SPF profile with integration of various types of DGs (i.e. DG1, DG2, DG3 and DG4, respectively), STATCOM (−0.50 p.u.) and PHEVs (−0.20 p.u.) with DSLMs in distribution systems. 
Comparisons of results
The comparisons of results are presented in this sub-section are as follows: • Integration of DG1 and STATCOM in generating mode operation (i.e. STATCOM provide the reactive power support to the system) achieved the better SPF compared to when DG1 is used only.
• Integration of DG1 and STATCOM in load mode operation (i.e. STATCOM absorb the reactive power from the system) achieved the poor SPF compared to when DG1 is used only.
• Integration of DG1 and STATCOM in generating mode operation achieved the better SPF compared to when integration of DG1 and STATCOM in load mode operation.
• Integration of DG1, STATCOM and PHEVs achieved the better SPF compared to integration of DG1 and STATCOM. After increasing the value of active power support (in p. u.) by PHEVs gives the best SPF compared to previous condition. Table 17 , it is concluded that integration of DG2 and STATCOM in generating mode (i.e. STATCOM provide the reactive power support to the system) achieved better power factor compared to when DG2 is used only.
• Integration of DG2 and STATCOM in load mode (i.e. STATCOM absorb the reactive power from the system) achieved less SPF compared to when DG1 is used only.
• Integration of DG2 and STATCOM in generating mode achieved the better SPF compared to when DG2 incorporated STATCOM in load mode.
• Integration of DG2, STATCOM and PHEVs achieved better SPF compared to DG2 incorporated STATCOM. After increasing the value of active power support (in p. u.) of PHEVs gives best SPF compared to previous condition. the reactive power support to the system) achieved better SPF compared to when DG3 is used only.
• Integration of DG3 and STATCOM in load mode operation (i.e. STATCOM absorb the reactive power from the system) achieved the poor SPF compared to when DG3 is used only.
• Integration of DG3 and STATCOM in generating mode operation achieved the better SPF compared to when DG3 incorporated STATCOM in load mode operation.
• Integration of DG3, STATCOM and PHEVs achieved the better SPF compared to DG3 and STATCOM. After increasing the Table 19 , it is concluded that integration of DG4 and STATCOM in generating mode (i.e. STATCOM provide the reactive power support to the system) achieved better SPF compared to when DG4 is used only.
• Integration of DG4 and STATCOM in load mode operation (i.e. STATCOM absorb the reactive power from the system) achieved poor SPF compared to when DG4 is used only.
• Integration of DG4 and STATCOM in generating mode operation achieved better SPF compared to when DG4 and STAT-COM in load mode operation.
• Integration of DG4, STATCOM and PHEVs achieved better SPF compare to integration of DG4 and STATCOM. After increasing the value of active power support (in p. u.) of PHEVs gives best SPF compared to previous condition.
Conclusions and future scopes of research work
The conclusions and future scope of research work are presented in Sections 5.1 and 5.2, subsequently.
Conclusions
The following conclusions made from this research work are as follows:
• Enhance the system power factor depends on the sizes and locations of DGs, incorporated STATCOM and PHEVs in distribution systems with DSLMs.
• The system power factor when DGs, incorporated STATCOM (i.e. operating in generating mode that means the reactive power delivered to the system) and PHEVs, is better than the system power factor when STATCOM (i.e. operating in load mode that means the reactive power absorbed from the system bus).
• Enhance the real and reactive power support to the system by integration of DGs, incorporated STATCOM and PHEVs in distribution systems with DSLMs.
• The real and reactive power losses of the system should be minimized by optimally placed and properly coordinated of DGs, incorporated STATCOM and PHEVs in distribution systems with DSLMs.
Future scopes of research work
The following future scopes of this research work in this direction are as follows:
• The proposed methodology also used for other FACTS controllers such as dynamic voltage restorer (DVR), unified power flow controller (UPQC), distributed-STATCOM, and hybrid power flow controllers (HPFC) and generalized unified power flow controllers (GUPFC) etc.
• In future, enhance the system power factor by integration of DGs, incorporated STATCOM and PHEVs for dynamic load models.
• In future, enhance the system power factor by integration of DGs, incorporated D-STATCOM and PHEVs for dynamic load models.
• In future, enhance the system power factor by integration of DGs, incorporated DVR and PHEVs for dynamic load models.
• In future, enhance the system power factor by integration of DGs, incorporated UPQC and PHEVs for dynamic load models.
• In future, also improved other power system performances such as power quality parameters (distortion harmonic factor, voltage sag and swell etc.) by integration of DGs, incorporated STATCOM and PHEVs in distribution systems with time dependent load models.
• The proposed methodology also used for higher IEEE bus test system like IEEE-57, IEEE-75 246-indian test system etc. for validation of proposed methodology robustness.
• Practical implementations are possible for integration of renewable energy sources, incorporated FACTS controllers and PHEVs in distribution systems with time dependent load models.
